Objective: In general it is thought that recurrence of primary hyperparathyroidism is a rare event. To our knowledge, however, only one large patient series has been reported with a mean of more than 7 years of follow-up. The aim of the present study was to determine the long-term recurrence rate in 785 out of 886 patients operated on for primary hyperparathyroidism and followed-up for a mean of 10.03 years after surgery. Design: Medical records were scrutinised. The patients who were still alive answered a questionnaire and had laboratory tests. Methods: Follow-up data concerning the state of health, medical treatment, other diagnoses, renal function, and serum calcium and creatinine levels were found in the medical records of 203 patients, and were registered at the start of investigation of 582 patients. Intact parathyroid hormone values were determined in 252 patients. Recurrence rate and 95% confidence interval (C.I.) were calculated. Results: Recurrence rate of hyperparathyroidism with constant or intermittent hypercalcaemia ðn ¼ 39Þ was 4.97% (95% C:I: ¼ 3:45 -6:74%) during a mean of 10 years of follow-up. Nine out of 39 had elevated serum creatinine levels. Recurrence rate of hyperparathyroidism with normal serum creatinine levels, including patients with normocalcaemia, intermittent hypercalcaemia, and constant hypercalcaemia was estimated to be 7-8% during a mean of 10 years of follow-up. Conclusions: Recurrence rate was determined with reasonable precision in this large patient series, and recurrence of hyperparathyroidism cannot be considered to be extremely rare, but it may occur more than 20 years after treatment in both single and multiple gland disease. PTH = parathyroid hormone level; MglD = multiple gland disease; SglD = single gland disease; Ad = adenoma removed; Impl = implanted tissue excised; Hpl = hyperplastic gland excised. Rec = recurrence and hypercalcaemia was graded: m (marginal), +, ++, +++. Age at follow-up, time-period after parathyroid surgery and the patient's own opinion on his/her health are given. Ht ¼ hypertension; CVD = cardiovascular disease. * Values above the reference limit.
Introduction
Most surgeons recommend surgery for primary hyperparathyroidism and also in mild and asymptomatic disease (1) . But how sure can we be, when we say that after surgery hypercalcaemia will not further trouble the patient? Previous long-term follow-up studies of large patient series were published in 1986 (2) with a mean follow-up of 7.7 years, and in 1992 (3) with a mean follow-up of 14.2 years. Both studies emanated from Uppsala, Sweden and provided detailed information about the patients in 70% and 58% of the cases respectively. The aim of the present study was to determine the recurrence rate of hyperparathyroidism after surgical treatment in a long time perspective, and with high precision, by using a large patient series with close to 90% follow-up, including determination of 95% confidence interval (C.I.).
Patients and methods
All patients operated on for primary hyperparathyroidism at Sahlgrenska Hospital in the years 1953-1982 were followed-up at the end of 1986 ðn ¼ 896Þ (4) . Bilateral neck exploration had generally been performed at surgery. In a few cases, the indication for surgery had been goitre or thyroid tumour combined with hypercalcaemia of probable parathyroid origin. Hyperparathyroidism was histopathologically verified in all cases, and 754 patients had single gland disease, 140 multiple gland disease out of which 12 patients had multiple endocrine neoplasia, and two patients had parathyroid cancer according to the medical records at the end of 1982 (4) . The latter two were excluded from the present follow-up.
For the diseased patients, medical records from the period after the operation at Sahlgrenska Hospital were sought and data were registered concerning the state of health, medical treatment, diagnoses, renal function, laboratory examinations when taken, together with year and date of the last observation found, and whether it was from an emergency situation or from a period of terminal care. The patients who were alive ðn ¼ 600Þ were contacted by letter containing an invitation to take part in a follow-up programme including a questionnaire, blood pressure measurement and blood tests. Six patient groups (0 -V) were defined. Group 0 consisted of eight patients who died within 1 month after surgery (4) . Group I was patients followed-up at Sahlgrenska Hospital and group II was patients followed-up outside Göteborg. Group III was patients who had died but whose medical records contained accurate information and also patients who were alive but who were unwilling to take a full part in the follow-up, although they answered the questions and the laboratory values found in their medical records were used. Group IV consisted of patients who were alive but with whom we did not succeed in making contact. Group V was the deceased whose medical records lacked laboratory data or were not found. The study patients were those of groups I, II and III.
The laboratory tests carried out in group I were total serum calcium, serum creatinine, serum thyroxine, ionised serum calcium and serum parathyroid hormone concentrations using the immunoradiometric assay (IRMA) described below. The patients in group II received a note of admission to their local medical unit for serum calcium and creatinine determinations. Reference limits varied slightly between different laboratories for the lower limit for serum calcium (2.10 -2.20 mmol/l) and the upper limit for serum creatinine (110-125 mmol/l). The reference limits in Sahlgrenska Hospital laboratory for total serum calcium were 2.20 -2.60 mmol/l, for ionised serum calcium 1.18 -1.31 mmol/l and for serum creatinine , 120 mmol/l for males and , 110 mmol/l for females. The determination of serum parathyroid hormone concentrations at Sahlgrenska Hospital was performed using a radioimmunoassay (RIA; reference limit , 9.6 pmol/l), but the IRMA (reference limits 10 -65 ng/l) was used for the determination of intact parathyroid hormone (5) .
It was decided from the beginning that one checkup would be sufficient for patients with serum calcium levels below 2.50 mmol/l, while further blood sampling was recommended for patients with levels of 2.50 mmol/l or above. These tests included, for group I, total serum calcium level, serum ionised calcium level and serum parathyroid hormone level according to the RIA and, for group II, total serum calcium level on three different occasions. However, parathyroid hormone levels were also determined in a few patients in group II, the decision being made by the home clinic. Follow-up time for the patients was the time-period from surgery to when the first follow-up samples were taken, recorded by year and month. When complementary samples were collected, the true follow-up time was therefore somewhat longer, although no data were included after 1990. For group III, follow-up time was the time-period from surgery to the last occasion on which serum calcium and creatinine determinations were made.
For each patient it was evaluated whether recurrence of hyperparathyroidism, either primary or secondary, was likely to have occurred. All re-operations were considered, as well as the situation at follow-up. When constant or intermittent hypercalcaemia was found it was evaluated whether or not it was of parathyroid origin. A cure after parathyroid surgery was defined as serum calcium concentrations of , 2.55 mmol/l during the first postoperative year (4). When a cure was not achieved re-operation was generally performed, although exceptions were made. Patients considered to have persistent disease were clearly identified (4) in order not to be included among the cases with recurrent disease.
The risk of recurrence of hypercalcaemia, constant or intermittent, due to primary or secondary hyperparathyroidism during the follow-up period was estimated, and 95% C.I. was calculated exactly by using binomial distribution (6) . The risk of recurrent hyperparathyroidism with serum calcium above 2.75 mmol/l was also estimated, as was the risk of recurrent disease with normal serum creatinine value at follow-up.
In group I, the percentage of patients with high or elevated parathyroid hormone levels, normal serum creatinine levels and serum calcium levels within 2.30 to 2.60 mmol/l was determined, estimating the frequency of patients with probable normocalcaemic hyperparathyroidism at follow-up.
Results
The 894 patients were divided into the six groups defined above as shown in Table 1 . As eight patients died within 1 month only 886 were available for long-term follow-up. Precise follow-up values of the serum calcium level a long time after surgery were achieved in 785 cases altogether (88.6%).
Mean follow-up time was 10.03 years (S.D. 6.04). The distribution of follow-up years of the three groups is shown in Fig. 1 . There were 30 patients followed-up for less than a year, all in group III. Mean follow-up time, mean age at follow-up, and mean serum calcium level from the first test occasion at follow-up are shown in Table 2 . The distribution of these serum calcium levels are shown in Fig. 2 . There were 32 out of 785 patients (4.07%) with serum calcium . 2.60 mmol/l ( Table 2 ). Eight of them had persistent hyperparathyroidism. In group I, one patient with a low parathyroid hormone concentration (15 ng/l (IRMA)) had thyrotoxicosis, and her serum calcium level became normal after treatment. In another patient, a myeloma was diagnosed. Two patients, one in group II and one in group III, had terminal hypercalcaemia because of metastatic colonic cancer. Hence, expected or individual explanations for hypercalcaemia at follow-up were found in 12 out of 32 cases altogether. In group III, five patients were noted who had been investigated because of recurrent hypercalcaemia and explanations other than hyperparathyroidism had been found: thiazide treatment, a benign paraganglioma, breast cancer, a vertebral metastasis of medullary thyroid cancer, and mediastinal sarcoidosis.
Surgery for recurrent disease had been performed in 16 out of 785 patients (2.04%), seven patients in group I, seven in group II and two in group III. In eight of them the serum calcium level at recurrence had not exceeded 2.75 mmol/l. Four of these 16 patients had two recurrences, all with several years of normocalcaemia in between: one patient had a second adenoma removed after 15.1 years and 7 years later at follow-up had elevated serum calcium and parathyroid hormone levels ( Table 3 ). The second patient had multiple Figure 1 Numbers of patients operated on for primary hyperparathyroidism and followed-up 0-33 years after surgery. Group I was 278 patients followed-up in Gö teborg, group II was 304 patients followed-up outside Gö teborg, and group III was patients whose follow-up data were found in medical records, ten of whom were alive and 193 who had died. Mean follow-up time ðn ¼ 785Þ was 10.03 years (S.D. 6.04). Only patients in group III were followed-up for less than 3 years. Table 1 894 patients operated on for primary hyperparathyroidism were divided into six groups depending on how follow-up turned out at the end of 1986. Follow-up values of serum calcium were available only for the patients of groups I -III (785 patients). endocrine neoplasia, with 7.7 and 6.1 years between the operations. The third patient had a parathyroid adenoma removed, part of which was implanted at surgery for goitre, but 4 years thereafter hypercalcaemia recurred. Most of the implanted tissue was excised and serum calcium normalised. At follow-up, however, both serum calcium and parathyroid hormone levels were marginally increased ( Table 3 ). The fourth patient had a parathyroid adenoma removed at thyroidectomy because of papillary thyroid cancer and the other three glands were implanted in the neck muscles. Four years later hypercalcaemia recurred, hyperplastic parathyroid tissue was excised from the muscle and her serum calcium levels became normal. However, at follow-up, it seemed as if a recurrence of hyperparathyroidism was about to become noticeable again ( Table 3) . Two patients undoubtedly had secondary hyperparathyroidism at recurrence. Another two had slightly elevated serum creatinine levels (130 -140 mmol/l) at surgery for their recurrences, which were still considered to be of the primary kind. In one patient with water clear cell hyperplasia, another hyperplastic Table 2 Result of follow-up of 785 patients operated on for primary hyperparathyroidism in 1953-82, mean follow-up time, mean age and serum calcium concentration taken at the first occasion of follow-up for groups I and II, and the last occasion for group III. The numbers of patients whose serum calcium level was below 2.20 and above 2.60 mmol/l in the different groups are given.
Year of surgery

Follow-up
Age 
Distribution of total serum calcium levels taken at follow-up of 582 patients. Group I was followed-up in Gö teborg ðn ¼ 278Þ; group II was followed-up outside Gö teborg ðn ¼ 304Þ; and group III patients were those whose last serum calcium values were found in the medical records of 203 patients previously operated on for primary hyperparathyroidism. The bars represent the numbers of patients with serum calcium values within 10 mmol/l intervals from 1.80 to less than 1.90, 1.90 to less than 2.00 mmol/l, up to 3.20 to less than 3.30 mmol/l. Table 3 Thirteen patients out of 278 (group I) who at long-term follow-up after surgery for primary hyperparathyroidism (HPT) had laboratory data suggestive of recurrent disease; three patients had been treated for recurrent disease previously.
Sex
Year of surgery gland was removed and, in the other, an adenoma was found both times. The latter was also found among the four patients with two recurrences, and her serum creatinine level at follow-up was 189 mmol/l (Table 3) . Surgically verified recurrent primary hyperparathyroidism occurred in multiple gland disease after a mean of 5.09 years (S.D. 2.76), and in patients primarily considered to have single gland disease after a mean of 11.43 years (S.D. 4.37).
In addition to the 16 re-operated patients, ten patients in group I (Table 3 ) and 13 in group II ( Table 4 ) had intermittent or constant hypercalcaemia suggestive of recurrence of primary hyperparathyroidism at follow-up. There were 582 patients (groups I and II) who participated in the first part of the follow-up procedure and 126 in the second part. Another eight were asked to give complementary blood samples but did not turn up the second time, two from group II with hypercalcaemia shown in Table 4 , another two from group II with serum calcium (2.50 mmol/l) and normal serum creatinine levels and four from group I where sufficient samples had been taken to consider recurrent disease unlikely. When the serum calcium level was near the upper reference limit and the parathyroid hormone level taken at the same time was not supressed, this was interpreted as signifying a recurrence. In consequence, there were ten cases of recurrent disease verified by elevated or unsuppressed parathyroid hormone levels, and three probable cases of recurrent disease in group I. But in group II only four patients had recurrent disease that was verified by laboratory tests or scintigraphy, and nine were considered to have probable recurrent disease. Two patients with parathyroid hormone levels of only 25 ng/l were classified as recurrent cases which was considered no less probable than other explanations for their high serum calcium values. The intact parathyroid hormone level of 35 ng/l in one patient with oral lithium therapy was also considered likely to indicate that hyperparathyroidism had caused her hypercalcaemia. The health descriptions of the patients of groups I and II are given in Tables 3 and 4 respectively. The 26 patients with probable recurrent disease at follow-up described their situations as 'fine' in ten cases, 'OK' in thirteen, and 'unwell' in three cases, although nine of them suffered from anxiety and sixteen had hypertension and/or cardiovascular disease.
There were 252 patients in group I whose parathyroid hormone values were available (90.6%). In three of them the parathyroid hormone level was . 50 ng/l with serum calcium concentrations of 2.50 -2.60 mmol/l and in five the hormone level was elevated with serum calcium levels of 2.30 -2.60 mmol/l. These eight patients had normal serum creatinine values. They were classified as patients with probable normocalcaemic hyperparathyroidism and the risk of this condition during a mean 10 years of follow-up was consequently 3.17% (95% C:I: ¼ 1:01 -6:16%).
If all patients who had either been re-operated or had laboratory data suggestive of recurrent hyperparathyroidism with hypercalcaemia were counted, then recurrence occurred in 39 out of 785 patients during a mean 10 years of follow-up, and recurrence rate was 4.97% (95% C:I: ¼ 3:45 -6:74%). There were 16/39 patients who had serum calcium . 2.75 mmol/l at least once at diagnosis of recurrent disease which was 2.04% (95% C:I: ¼ 1:05 -3:30%). Recurrent disease with normal serum creatinine value at follow-up occurred in 30 patients out of 785, or in 3.82% of the cases (95% C:I: ¼ 2:48 -5:41%).
Discussion
We found recurrence of constant or intermittent hypercalcaemia of probable parathyroid origin in 4.97% of the patients during a mean of 10 years of follow-up. The present long-term follow-up of 785 patients operated on for primary hyperparathyroidism is, to our knowledge, the largest of its kind, and the follow-up time of a mean of 10.03 years is long enough for adequate evaluation. The previous long-term follow-up studies mentioned herein were performed in Uppsala. One reported on total serum calcium of 416 patients operated on in 1956-1979 after a mean of 7.7 years (2). Late recurrences were found in both multiple and single gland disease, but the former tended to recur earlier, as in the present study. The other more recent Uppsala study by Lundgren et al. (3) included partly the same patients. Serum calcium and serum creatinine values were determined in 410 patients and parathyroid hormone values in 179 of them. After a mean of 14.2 years the risk of recurrent hypercalcaemic disease was 8.3% which, together with our results, may indicate a time-dependent increase in recurrence rate. Their 95% C.I., when calculated as in the present study, was 5.6 -11.4% which is a rather wide interval. It is obvious that a larger number of patients is essential to obtain high precision, and the substantially smaller 95% C.I. calculated from the series of 785 patients was considered satisfactory, while that of 252 patients was relatively wider. It is not a coincidence that these two long-term follow-up studies emanated from Sweden: our medical care is organised in a geographically centralised fashion, and we have a national population registry with which any individual can easily be traced, circumstances which facilitate the management of long-term follow-up studies. Other large patient series reported from other countries contained fewer patients with shorter follow-up periods, or fewer data available: Bruining et al. (7) reported on 582/615 patients followed for a mean of 5.6 years, Russel & Edis (8) on 461/500 followed-up for 0 -6 years, Sivula & Ronni-Sivula (9) on 289/334 patients who Table 4 Thirteen patients out of 304 (group II) who at long-term follow-up after surgery for primary hyperparathyroidism (HPT) had laboratory data suggestive of recurrent disease; three patients had been treated for recurrent disease previously.
Sex
Year of surgery (12) who reported on 320 patients followed for a mean of 6.2 years. Follow-up values of serum calcium were, in the present study, missing for 101 patients (11%). Most of the patients lost to follow-up had died (85/284) and there were difficulties in finding very old medical records. In contrast, follow-up of our living patients was more successful with 582 out of 600 patients (97%). Two patients had emigrated and were not found, ten lived abroad, four declined to participate, and two answered the questionnaire only. We consider it unlikely that the rather moderate number of patients lost to follow-up would have had a considerably different risk of recurrence compared with the number of patients studied, and thereby to substantially affect the outcome of the study.
Analysis of total serum calcium concentration may vary between laboratories, and may also vary from time to time in one individual, especially in patients with primary hyperparathyroidism (13) . Altogether, 68 total serum calcium determinations were performed in the 26 patients with probable recurrent disease, but only 38 out of 68 values were elevated (47.1%). Less than one-third of the 24 patients with probable recurrent hyperparathyroidism, and who had more than one serum calcium value taken, had constant hypercalcaemia ðn ¼ 7Þ: Not only is hyperparathyroidism often symptomless, it is obviously also difficult to detect in spite of serum calcium analyses being taken, as intermittent hypercalcaemia appears to be more frequent than constant hypercalcaemia. Our procedure of taking further samples in patients with serum calcium $ 2.50 mmol/l was aimed at increasing the chance of identifying as many patients as possible with intermittent hypercalcaemia. A few such patients may still have escaped identification. This risk of undetected recurrent cases with intermittent hypercalcaemia would be compensated for by the study of group I to determine the risk of recurrent hyperparathyroidism with normocalcaemia and normal serum creatinine. It is probable that these patients may have hypercalcaemia occasionally, but they did not have it when the tests were taken.
A few of the 26 patients with probable recurrent disease may be evaluated as borderline cases, but we found it wiser to include them all and account for them, and allow the reader to make the decision. On the other hand, repeated recurrences found in four patients were registered as only four recurrences in the calculations.
We found that recurrent hyperparathyroidism was generally primary in contrast to secondary. Thirty patients out of 785 (3.8%) had signs of probable recurrent primary disease as their serum creatinine levels were normal. Five patients shown in Tables 3 and 4 had slightly elevated serum creatinine values. It is possible that some clinicians would suggest secondary disease to be the probable reason for their recurrence, but in view of the findings at surgery in other patients with similar situations, two described above, and several more observed in the clinic (4) it was not considered very probable. Another patient who previously had an adenoma removed had a substantially increased serum creatinine value (453 mmol/l) at follow-up, and she appeared, according to her scintigraphy, to have her recurrence in just a second diseased gland (Table 4) , and therefore her recurrence was considered rather as primary hyperparathyroidism. The observed frequency of renal impairment, defined as elevated serum creatinine level, among patients with recurrence of hyperparathyroidism with constant or intermittent hypercalcaemia was, according to the above findings, nine out of 39 or 23%. Two out of 39 (5.1%) had confirmed secondary hyperparathyroidism with all glands hyperplastic, one with chronic nephritis, and the other without additional renal diagnosis determined. The total number of recurrent cases with normal renal function as evaluated by the serum creatinine level was 30 out of 785 or 3.82%. Adding the frequency of probable normocalcaemic hyperparathyroidism (3.17%), the overall risk of recurrence is 6.99%, or close to 7% during a mean of 10 years of follow-up. Unfortunately vitamin D status was not investigated in the follow-up of these patients, making the diagnosis of primary disease versus secondary less certain. However, as mentioned above, a proportion of the patients with elevated serum creatinine levels was still considered to have primary disease, the consequence of which is that the recurrence rate of probable primary hyperparathyroidism during a mean of 10 years would be slightly higher than 7% or almost 8%.
It is worth noting that the patients' own health descriptions were very positive, although more than half had hypertension with or without cardiovascular disease, and other kinds of discomfort occurred as well. In fact, only six patients out of 26 (23%) with probable recurrent disease appeared to be truly 'fine'. It was beyond the subject of the present study to strictly evaluate this part of the follow-up results, but considering that these patients were 33 -82 years old (mean 66.4 years) they might not be as fit as could be expected.
In summary, this study essentially confirmed previous findings on recurrence of hypercalcaemic hyperparathyroidism a long time after surgery for primary hyperparathyroidism (2, 3), although with a higher precision. We found the recurrence risk of hypercalcaemic hyperparathyroidism to be 5% with 95% C.I. of 3.5 -6.7% during a mean of 10 years of follow-up, the risk of recurrence with substantial hypercalcaemia (. 2.75 mmol/l) to be 2% and the risk of recurrence with constant hypercalcaemia to be approximately 1%. These estimations concern recurrence of both primary and secondary hyperparathyroidism, although recurrence as secondary disease occurred in but a minority of the cases. If only patients with normal renal function and recurrent hyperparathyroidism, including cases with normocalcaemia, were considered, then the recurrence rate would be approximately 7%. Recurrence may occur after more than 20 years as for both single and multiple gland disease.
